Abstract Sodium/D-glucose cotransport carriers solubilized from intestinal brush border membranes were purified and incorporated into liposomes made of soybean phospholipids, and transport properties of the reconstituted system were studied. The brush border membrane vesicles prepared from guinea pig small intestine were first treated with deoxycholate and papain in order to remove unnecessary membrane proteins, and then the remaining membrane proteins were solubilized with Triton X-100. The solubilized proteins were fractionated by gel-filtration according to molecular size and the fractions containing proteins of molecular weight of around 340 K daltons were further separated by chromatofocusing according to isoelectric point. The Na+ gradient-dependent overshoot uptake of D-glucose was seen when the proteins which were finally eluted in the pH range of 5.0-5.5 were incorporated into the liposomes. The proteins purified and incorporated into liposomes could be visualized on sodium dodecylsulfate (SDS) polyacrylamide gel electrophoresis as a single band of 160,000 dalton glycoprotein. The proteoliposomes constructed with the purified proteins revealed about 20-fold higher accumulation of D-glucose as compared with those constructed with unpurified membrane protein extracts. Kinetically, however, the reconstituted system revealed somewhat different characteristics from those of the native brush border membrane vesicles, i.e. retarded time course of overshooting uptake and an S-shaped relationship between 1-min uptake of glucose (the quasiinitial rate of glucose uptake) and glucose concentration. The reciprocal of the uptake rate was linearly proportional to the reciprocal of the square of glucose concentration and the estimated Hill coefficient was about 2.
The reconstitution study of membrane transport system has currently become one of the important ways of identification of membrane transporters, such as carriers, pumps, and channels and study of their molecular organization. Some of the transporters, e.g. Ca2+ pump, Na+-K+ pump, and acetylcholine receptor have been purified and successfully reconstituted in artificial phospholipid vesicles (liposomes) or planar bilayer membranes (cf. review by SHAMOO and TIVOL, 1980) . Regarding the Na+-dependent transport carriers of intestinal and renal brush border membranes, which play essential roles in active absorption or reabsorption of respective substrates, the reconstitution studies with purified proteins are still very scanty. This seems to be mainly due to difficulties emerging from scarce distribution of individual cotransport systems within the membranes. For example, the intestinal Na+/D-glucose cotransport carrier represents only 0.4 of the total brush border membrane protein when calculated from the number of [3H]-phlorizin binding sites and based on the assumption of molecular weight of 100,000 (KLIP et a!.,1980) . This is a marked contrast to a high density of Catpump (Ca2+-ATPase) of the sarcoplasmic reticulum which represents about 60-90 % of the total membrane protein (TADA et al., 1982) .
Reconstitution studies of the Na+/D-glucose cotransport system using crude membrane extracts from renal and intestinal brush border membranes have been reported by several groups of investigators (KINNE and FAUST, 1977; CRANE et al., 1978; FAIRCLOUGH et al., 1979; KANO et al., 1980) . Earlier studies by KINNE and FAUST (1977) and CRANE et al. (1978) could show a Nat-dependent acceleration of D-glucose uptake but failed to demonstrate a Nat-dependent overshoot uptake which is an essential property of the Na+/D-glucose cotransport system present in the native membrane vesicles. Although later studies by FAIRCLOUGH et al. (1979) , KANO et al. (1980), and MALATHI et al. (1980) could demonstrate unequivocal overshoot uptake of D-glucose, transport properties of the reconstituted system have not been well characterized. Also, the protein species responsible for Na+/D-glucose cotransport has not yet been clearly identified.
In the present study, purification and reconstitution of the intestinal Na+/Dglucose cotransport system have been attempted in order to identify the Na+/Dglucose cotransport carrier and to characterize the transport properties of the reconstituted system. Three consecutive purification steps were adopted in this study; the negative purification with deoxycholate and papain before the solubilization from the membranes, and then gel-filtration followed by chromatofocusing after the solubilization. The finally obtained cotransport carrier was observed as a single band of 160K dalton polypeptide on SDS-polyacrylamide gel electrophoresis. The purified protein revealed unequivocal overshoot uptake of D-glucose when incorporated into soybean phospholipid vesicles and a Na+-gradient was imposed across the vesicular membranes. The reconstituted system revealed kinetic properties somewhat different from those seen in native brush border membrane vesicles, such as much slower time course of overshoot uptake and S-shaped saturation kinetics.
METHODS
Preparation of brush border membrane vesicles. The first step of the present study was to prepare the brush border membrane vesicles. Usually 4-8 guinea pigs were sacrificed in a single experiment. After anesthetizing the animals with urethane (1 g/kg body weight), the entire length of the small intestine was removed and opened along the mesenteric border. The mucosal surface of the intestine was gently scraped with a slide glass, and the scraped material obtained from different animals was collected and mixed together. The obtained mixture was suspended in a buffer solution containing 100 mM mannitol and 10 mM HEPES/ Tris (pH 7.2), and then homogenized in a Waring blender at 18,000 rpm for 3 min. Thereafter, CaC12 was added to the homogenate to the final concentration of 10 mM according to KESSLER et al. (1978) . The homogenate was allowed to stand for 15 min in an ice-water bath, and then centrifuged at 8,000 x g for 10 min. The supernatant obtained was centrifuged at 38,000 x g for 40 min. The pellet obtained by the second centrifugation was suspended in a solution containing 100 mM mannitol, 10 mM HEPES/Tris (pH 7.2), 20 % glycerol, and 1 mM dithiothreitol (DTT) and stored at -90°C until use. Specific activities of sucrase and alkaline phosphatase of the pellet were about 15-fold higher as compared with the initial homogenate, while lactate dehydrogenase, a cytosolic enzyme, could not be detected. The pellet revealed a weak activity of Na+-K+ ATPase, (enrichment factor being 1-2), indicating a certain degree of contamination with the basolateral membranes. However, this was not a serious problem in the subsequent experiments.
Negative purification of the Na+/D-glucose cotransporters. Some species of the brush border membrane proteins, such as aminopeptidase and sucrase, can easily be solubilized by treatment with deoxycholate (DOC) (BENAJIBA and MAROUx,1981; FERACCI et al., 1982) . Also, papain treatment of the brush border membrane vesicles has been shown to remove more than 90 % of certain membrane bound enzymes, such as r-glutamyltransferase and aminopeptidase without a significant loss of the Na+/D-glucose cotransporters (BERTELOOT et al., 1980) . Based on these reported findings, the brush border membrane preparations described above were first treated with DOC or papain to remove unnecessary membrane proteins as possible before the solubilization of the Na+/D-glucose cotransporters.
Our preliminary experiments revealed that the treatment with 0.06 % DOC for 10 min or 0.5 units papain per mg membrane protein for 10 min removed part of membrane proteins without a significant loss of the Nat-dependent high affinity phlorizin binding capacity. A further increase in concentration of DOC or papain or an increase in the duration of the treatment resulted in a significant vol. 33, No. 6, 1983 loss of the phlorizin binding capacity. DOC was added to the vesicle suspension, the protein concentration of which was about 1 mg/ml, and the mixture was gently shaken in an ice-water bath for 10 min. The suspension was then centrifuged at 50,000 x g for 30 min and the pellet was washed twice with the solution containing 100 mM mannitol, 10 mM HEPES/Tris (pH 7.2), and 1 mM DTT. In the case of papain treatment, the mixture was allowed to stand at room temperature for about 10 min. Papain was activated with 2 mM EDTA and 5 mM L-cystein before use. The digestion was stopped by adding 30-fold volume of a cold buffer solution containing 100 mM mannitol, 5 mM HEPES/Tris (pH 7.2), 1 mM DTT, and 2 mM p-toluenesulfonyl-L-lysine chloromethyl-ketonehydrochloride (TLCK), a papain inhibitor. The mixture was centrifuged at 50,000 x g and the pellet was resuspended in the same stop solution. This procedure was repeated twice to wash the vesicles. The degree of purification and the recovery of the cotransport carriers as evaluated by Nat-dependent phlorizin binding capacity are given in RESULTS ( Table 1) .
Solubilization of the Na+lv-glucose cotransporters. FAIRCLOUGH et al. (1979) showed that the treatment of the brush border membrane vesicles with 1 % Triton x-100 and sonication for 1 min solubilized more than 85 % of the total membrane protein. We added Triton X-100 to the vesicle suspension at 2 % and sonicated with a biosonicater (Heat System Co., Ltd., 20 kHz, 70W) for 1 min in an icewater bath. The suspension was then centrifuged at 55,000>< g for 40 min. The supernatant which contained the solubilized proteins was passed through a BioBeads SM-2 (Bio-Rad Lab.) column which effectively removes Triton X-100 (HOLLOWAY, 1973; FAIRCLOUGH et al., 1979) .
Gel-filtration and chromatofocusing. To separate the solubilized proteins roughly into several fractions according to molecular size, the gel-filtration was carried out by using a Bio-Gel A-5 m column (1 cm x 60 cm, Bio-Rad Lab.). The supernatant above described was eluted with a buffer solution containing 100 mM KCI, 2 mM DTT, and 10 mM HEPES/Tris (pH 7.2) at the flow rate of 30 ml/hr. The eluate was monitored for apparent protein concentration by means of an UV monitor (Altex, Berkley) at 280 nm. For the purpose of calibration of molecular weight, apoferritin (480K daltons), fibrinogen (340K daltons), and catalase (240K daltons) were used as the standard proteins. The elution pattern and the fractions which were found to contain the functional carrier proteins are described in RESULTS.
As the fractions separated by the gel-filtration contained multiple proteins as described in RESULTS, a further purification by the chromatofocusing was carried out in order to separate proteins according to the differences in isoelectric point. A chromatofocusing column packed with Polybuffer-exchanger (Pharmacia Fine Chemicals) was used for this purpose. Polybuffer-exchanger packed in a glass column was first equilibrated with 25 mM imidazole/HC1 buffer of which pH was adjusted to 7.4. As the eluent, Polybuffer-74 (Pharmacia Fine Chemicals) was used after adjusting its pH to 4 by adding 0.5 M HCI. The elution of the samples was carried out at the flow rate of 25 ml/hr. By this procedure, a pH gradient from 7.4 to 4.0 was formed from fraction No. 5 through No. 45. The eluate was divided into 5 parts according to pH range; 7.4-7.3, 7.3-7.0, 6.0-5.5, 5.5-5.0, and 5.0-4.0. Each part was concentrated to 2-3 mg protein/ml by using a high-positive-pressure concentrater (Amicon, Ultrafiltration cell-model 52 or model 12 with YM-10 membrane filters) and subsequently by using a negativepressure concentrater (Sartorius GmbH). After the concentration, proteins contained in each part were assayed for transport function after the reconstitution as described below.
Reconstitution of the Na+/D-glucose cotransport system. Liposomes were prepared with soybean phospholipids (Sigma) by the sonication method of RACKER (1973) . Briefly, soybean phospholipids were added to a solution containing 100 mM KCI, 5 mM HEPES/Tris (pH 7.2), and 0.5 mM MgSO4 at the ratio of 40 mg phospholipids per 1 ml solution. The sonication was carried out under nitrogen gas. The liposome suspension and extracted proteins were mixed, usually at the lipid/protein ratio (w/w) of 10, and the mixture was again sonicated (20 kHz, 70W) for 1 min to obtain proteoliposomes as described by FAIRCLOUGH et al. (1979) . Thin section electron-microscopy revealed that the majority of the formed liposomes were unilamelar and completely closed with membranes, and the average diameter was about 40 nm. Measurements of D-glucose uptake and high-affinity phlorizin binding. DGlucose uptake was measured for both native brush border membrane vesicles and reconstituted proteoliposomes at 25°C in the presence of 100 mM NaSCN or 100 mM KSCN in the incubation medium. Further details of the procedures of uptake measurements were described in our previous paper (OHSAWA et al., 1979) . The phlorizin binding capacity was also examined in native and negatively purified brush border membrane vesicles by the rapid filtration method (HoPFER et al., 1973) . Kinetic analysis of phlorizin binding indicated that there were two distinct components, one is the high-affinity low-capacity component and the other the low-affinity high-capacity one. The high affinity binding is known to be Na+-dependent and related to the Na+-dependent glucose transport (CHESNEY et al., 1974; ARONSON and SACKTOR, 1975; TANNENBAUM et al., 1977) . For this reason, the vesicles were incubated in a solution containing 100 mM NaSCN or 100 mM KSCN, 1,aM phlorizin plus 1,uCi/ml [3H]-phlorizin, and 5 mM HEPES/ Tris (pH 7.0) for 15 sec. The difference of uptake values between NaSCN and KSCN experiments was taken as the Na+-dependent high-affinity phlorizin binding.
Sodium dodecylsulfate (SDS) polyacrylamide-gel electrophoresis. SDS polyacrylamide-gel electrophoresis was performed for protein extracts at different purification stages. One mm thick slab of 9 % separation polyacrylamide-gel and 5 % polyacrylamide stacking gel were used as described by LAEMMLI (1970) . Samples were warmed in boiling water for 1 min before electrophoresis. For the samples Vol. 33, No. 6, 1983 which had been treated with papain, TLCK was added to the concentration of 2 mM before warming in order to inhibit papain activity. After electrophoresis, the gels were stained with Coomassie blue-R. The protein bands were calibrated for molecular size by using the subunits of RNA polymerase B of Thermus thermophilis, the molecular sizes of which being 180K, 140K, 100K, 42K, and 39K daltons. For the detection of glycoprotein, periodic acid-Schiff (PAS) staining was carried out for the proteins on the polyacrylamide-gel after electrophoresis as described by ZACHARius and ZELL (1969) . Other assays. Protein concentration was estimated by the method of LoWRY et al. (1951) or BRADFORD (1976) . Alkaline phosphatase activity of the brush border membrane vesicles was determined according to the method of HUBSCHER and WEST (1965) by using p-nitrophenylphosphate as the substrate. Sucrase activity was measured by the method of DAHLQvtsT (1968) .
RESULTS

Negative purification of the Na+/D-glucose cotransporters
The results of the negative purification of the Na+/D-glucose cotransporters before solubilization from the membranes are summarized in Table 1 . The degree of purification is presented as "purification factor," which indicates the relative increase in the Na+-dependent phlorizin binding per mg protein after the treatment with DOC or papain. As shown in this table, the treatment with 0.06 % DOC solubilized about 20 % of the membrane proteins, and the purification factor increased to 1.4±0.4. The recovery of the Na+-dependent phlorizin binding sites, which was calculated by multiplying the amount of Nat-dependent phlorizin binding per mg membrane protein by the amount of the total membrane protein remaining in the membrane vesicles. After the DOC treatment, the recovery was 108±1.5% (mean±S.E.), indicating that there was no loss of the Nay/Dglucose cotransporters. Papain treatment (0.5 U papainlmg membrane protein) yielded almost the same results as those of DOC treatment. In this case, the purification factor was 1.4±0.2 and the recovery of the phlorizin binding sites was 96±1.5%.
More effective negative purification could be achieved by combining the DOC treatment and the papain digestion. As shown in Table 1 , the treatment with 0.06% DOC followed by papain digestion (conditions were the same as those of the single treatment) removed about 55 % of the total membrane protein without decreasing the recovery of the phlorizin binding sites. The purification factor was increased to 2.7±0.5 and the recovery was 121±2.1 %. Based on this finding, the combined treatment was adopted for the following experiments.
Purification of the solubilized Na+/D-glucose cotransporters
The membrane proteins remaining in DOC/papain-treated brush border membranes were solubilized by adding Triton X-100 to the vesicle suspension to the final concentration of 2 % and sonicating the suspension as described in METHODS. By this procedure, about 90% of the membrane proteins could be solubilized. The samples containing extracted proteins were passed through a Bio-Beads SM-2 column in order to remove Triton X-100. The recovery of proteins after elution through the Bio-Beads column was about 90%. Thereafter, the samples were eluted through a gel-filtration column (Bio-Gel A-5 m) to separate proteins according to molecular size. A typical elution pattern obtained is shown in Fig. 1 . The UV absorbance measured at 280 nm usually began to rise from fraction number (Fr. No.) 4 and formed an initial peak at Fr. No. 5. The second peak which was much higher than the first peak was formed at Fr. No. 9 or 10, and then rapidly fell forming a tail extending to Fr. No. 30. The eluate collected from Fr. Nos. 6 to 24 were divided into three groups; Fr. Nos. 6-9,10-12, and 13-24, and the Nat-dependence of glucose uptake was examined for each group after incorporating into liposomes. The second group (Fr. Nos. 10-12) was found to contain proteins possessing the Na+-dependent glucose transport function. Therefore, the second group was employed for the further purification. This group was denoted as sample GF in the following description. When calibrated with the standard proteins, the molecular size of the proteins contained in this sample was around 340K daltons. The chromatofocusing pattern of the sample GF is shown in Fig. 2 to 4.0. The UV absorbance curve (measured at 280 nm) usually formed 4 distinct waves. A large wave was formed in the early fractions (Fr. Nos. 5-12, pH 7.4-7.0) and smaller waves appeared in the pH ranges of 6.0-5.5, 5.5-4.5, and 4.5-4.0. The eluate was separated into 5 groups according to the pH range and each group from different sample GF's was collected and pooled. The pH ranges Japanese Journal of Physiology Fig. 1 . Elution pattern of extracted crude membrane proteins obtained through a gelfiltration column and the fractions subjected to further purification by chromatofocusing chromatography (shaded area). Ordinate, absorbance measured at 280 nm; Abscissa, fraction number. Membrane proteins solubilized from DOC/papain-treated brush border membrane vesicles were eluted through a Bio-Gel A-5m column (1 x 30 cm) with a solution containing 100 mM KCI, 2 mM DTT, and 10 mM HEPES/Tris (pH 7.2) at the flow rate of 30 ml/hr (each fraction 8 ml). t-raction number Fig. 2 . The proteins of each sample were examined for Na+-dependent glucose transport after incorporation into liposomes. Only sample D (pH range 5.5-5.0) was found to contain proteins having the Nat-dependent transport function. The properties of the Na+-dependent glucose uptake by the proteoliposomes constructed with proteins of sample D are described in the following section. Also, SDS polyacrylamide gel electrophoresis (SDS-PAGE) pattern of sample D is shown below.
Properties of v-glucose uptake by the proteoliposomes The time course of D-glucose uptake by the proteoliposomes constructed with proteins of sample D is shown in Fig. 3 . The time course was compared between two different incubation conditions, i.e. in the presence of a Na -gradient (100 mM NaSCN in the outside medium) and in the absence of a Nat-gradient (in the presence of 100 mM KSCN in the medium) across the liposome membranes. In the absence of the Na+-gradient, there was a tendency that the uptake value slightly decreased with time after reaching a maximum. However, the differences among uptake values of three time points; 2, 5, and 10 min after the start of incubation, were not statistically significant. In contrast, a prominent overshoot uptake of D-glucose was seen when the Nat-gradient was present. The peak uptake occurred at around 5 min after the start of incubation. Parallel measure- ments in the native brush border membrane vesicles isolated from the same animal species (guinea pig) revealed that the peak uptake occurred within 1 min after the start of incubation (55.5±5.9 sec on the average). Thus, the time course of Nat-dependent glucose uptake by the reconstituted system is significantly slower than that in the native membrane vesicles. In the separate experiment, crude membrane extracts were incorporated into the liposomes and glucose uptake was compared with the liposomes incorporated with the purified proteins (sample D). An overshoot uptake of D-glucose was also seen in the proteoliposomes constructed with crude proteins and the peak uptake was seen also around 5 min after the start of incubation. The peak value of uptake at 5 min was 0.51±0.09 nmol/mg protein (n=4) in the case of liposomes incorporated with crude proteins, while it was 10.2±1.6 nmol/mg protein (n=4) in the case of liposomes incorporated with purified proteins. Thus, the peak Another characteristic feature seen in D-glucose uptake by the reconstituted system was that the kinetics of the uptake did not conform to a simple MichaelisMenten kinetics in contrast to the native brush border membrane vesicles. When 1-min uptake value (a quasi-initial rate of uptake) was measured over a range of glucose concentration from 0.5 to 10 mM in the presence of the Nat-gradient, an S-shaped curve was obtained between the uptake rate and glucose concentration (Fig. 4) . The reciprocal of the uptake rate was linearly proportional to the reciprocal of the square of glucose concentration (Fig. 5) . The Hill coefficient obtained from the Hill plot of the data was 2.0±0.2 (n=4). Figure 6 shows the SDS-PAGE patterns of the protein extracts from the brush border membrane vesicles treated with DOC and papain and the proteins contained in sample GF. It is seen that sample GF contained several polypeptides as visualized as 5 major bands corresponding to 160K, 130K, 110K, 90K, and 80K daltons and minor bands around 30K-40K daltons. PAS staining revealed that all 5 major bands were glycoproteins. Figure 7 shows the SDS- In the case of sample D, only a single band which was corresponding to 160
SDS-PAGE patterns of the membrane extracts
K daltons was visualized. Sample C contained 130K and 110K polypeptides whereas sample E contained 90K, 80K, and 30K-40K dalton polypeptides.
DISCUSSION
The results of the present study indicate that a species of the brush border membrane protein which has molecular weight of 160K daltons and isoelectric point of 5.0-5.5 has the function of cotransport of Na+ and D-glucose. The most important property of the Na+/D-glucose cotransporters present in the native membrane vesicles is to give rise to an overshoot uptake of D-glucose when a Na+-gradient is imposed across the vesicular membranes. This property could sucJapanese Journal of Physiology cessfully be reproduced in the reconstituted system with such a purified protein.
Also, the reconstituted system with the purified protein revealed 20-fold higher peak uptake as compared with those constructed with crude membrane extracts. The purification of the Na+/D-glucose cotransporter from the intestinal brush border membranes involves difficulties arising from its low density in the membranes, and ideal methods of purification for the cotransporters have not yet been established. The density of the Na+/D-glucose cotransport carriers in the brush border membrane can be inferred from Nat-dependent high affinity phlorizin binding sites and apparent molecular weight of the carrier (KLIP et al., 1979) . Our estimates of the number of Nat-dependent phlorizin binding sites was 21.5 pmol/mg protein (Table 1 ) and the estimated molecular weight of the cotransporter was 160K daltons. From these values, the density of the carriers could be calculated to be 0.34 %, the value being about the same as that (0.4 %) calculated by KLIP et al. (1979) . It is quite obvious that some special techniques are needed for purifying the carrier of such a low density. Recently, LIN et al. (1981) introduced an affinity chromatography on a phlorizin polymer for this purpose. MALATHI et al. (1980) employed a concanavalin A column to separate the cotransporters from other membrane proteins extracted. Even by these new methods, the finally obtained samples were contaminated with other proteins as indicated by several bands of polypeptides visualized on SDS-PAGE. MALATHI et al. (1980) , however, could identify the cotransporter as a 160K dalton polypeptide by digesting other proteins with proteases (papain and/or subtilicin) after incorporating the partially purified protein mixture into phospholipid vesicles. In the present study, we introduced three-step purification, the negative purification, gel filtration, and chromatofocusing. The chromatofocusing technique which separates proteins according to the differences in isoelectric point was proved to be quite satisfactory for the purpose of finally separating the Na+/D-glucose cotransporter when applied after the negative purification and rough separation of solubilized proteins by the gel-filtration.
The exact molecular weight and the molecular organization of the Na+/Dglucose cotransporter has not yet been established (cf. review by HosHI and HIMUKAI, 1982) . The results of the present study and those of MALATHI et al. (1980) are in good agreement in that the molecular weight of the cotransporter which retains the cotransport function even after reconstitution is about 160K daltons. On the other hand, LIN et al. (1981) showed that one of the bands on SDS-PAGE with molecular weight of 60K-70K daltons was particularly enhanced after the affinity chromatography on a phlorizin-polymer. HosANG et al. (1981) have identified the phlorizin-binding proteins as 72K dalton polypeptide by applying the photoaffinity labelling technique. These results together with those of the present study and MALATHI et al. (1980) would suggest that the native Na+/ D-glucose cotransporter contains a subunit of around 70K daltons or it has a dimer structure consisting of a subunit of 70K-80K dalton polypeptide. How-ever, further studies are needed until more exact molecular organization becomes clearer.
As for the properties of D-glucose transport by the reconstituted system, some characteristics were found distinct from those seen in native brush border membrane vesicles. One is the slower time course of D-glucose uptake as compared with native membrane vesicles under the same incubation conditions. Such a slower time course of uptake by the reconstituted system was previously demonstrated by who employed proteoliposomes with crude or partially purified membrane proteins. There are several factors determining the time course of Na+-dependent overshooting uptake of D-glucose by membrane vesicles, e.g. Na+ and counter-anion permeability of the membranes, the average diameter of vesicles, fluidity of membrane phospholipids etc. In the present study, we could not determine the factor or factors responsible for the slower uptake. However, the problem of vesicular diameter can be excluded since the average diameter of the liposomes used in the present study was smaller (40 nm) than that of native brush border membrane vesicles (70 nm, OHSAWA et al., 1979) . One of the possible reasons may be a lower efficiency of transport due to random orientation or incomplete embedding of the cotransport carriers in the artificial membranes. Random orientation of the carrier proteins incorporated by the sonication method has been clearly demonstrated by BALDWIN et al. (1980) for monosaccharide carriers from human erythrocytes by showing random orientation of the cytochalacin B binding sites in their reconstituted system.
Another distinct property was that the uptake rate did not conform to a simple Michaelis-Menten kinetics, but the observed relationship between the rate of glucose uptake and glucose concentration was sigmoid. Also, the reciprocal of the uptake rate was linearly proportional to the reciprocal of the square of glucose concentration. It is known that, in intact intestinal epithelial cells or isolated brush border membrane vesicles, the uptake rate usually conforms to a simple Michaelis-Menten kinetics. The exact reason for this different kinetic property is unknown at present. One of the possible explanations may be that the majority of the cotransporters are embedded into the liposome membranes in a form of dimer or in an aggregated form and some cooperative interaction takes place among the monomeric carriers. In the present study, we chose the middle fractions (sample GF) obtained by the gel-filtration, which contained proteins of around 340K daltons. It is known that amphipathic molecular species, such as membrane transporters, tends to aggregate when solubilized from the membranes even in the presence of detergents (LouvARD et al., 1975) . Even after the chromatofocusing, it is possible that the majority of the isolated carriers are present in an associated or aggregated form and embedded into the liposomes in such forms. It is difficult to avoid such aggregation or association as far as we handle the isolated amphipathic molecules. This problem may also be pertinent to a lower efficiency of transport in the reconstituted system.
